Abstract Bixa orellana L., popularly known as annatto, produces several secondary metabolites of pharmaceutical and industrial interest, including bixin, whose molecular basis of biosynthesis remain to be determined. Gene expression analysis by quantitative real-time PCR (qPCR) is an important tool to advance such knowledge. However, correct interpretation of qPCR data requires the use of suitable reference genes in order to reduce experimental variations. In the present study, we have selected four different candidates for reference genes in B. orellana, coding for 40S ribosomal protein S9 (RPS9), histone H4 (H4), 60S ribosomal protein L38 (RPL38) and 18S ribosomal RNA (18SrRNA). Their expression stabilities in different tissues (e.g. flower buds, flowers, leaves and seeds at different developmental stages) were analyzed using five statistical tools (NormFinder, geNorm, BestKeeper, DCt method and RefFinder). The results indicated that RPL38 is the most stable gene in different tissues and stages of seed development and 18SrRNA is the most unstable among the analyzed genes. In order to validate the candidate reference genes, we have analyzed the relative expression of a target gene coding for carotenoid cleavage dioxygenase 1 (CCD1) using the stable RPL38 and the least stable gene, 18SrRNA, for normalization of the qPCR data. The results demonstrated significant differences in the interpretation of the CCD1 gene expression data, depending on the reference gene used, reinforcing the importance of the correct selection of reference genes for normalization.
Introduction
Bixa orellana, popularly known as annatto, achiote or urucu, is native to tropical America and belongs to the Bixaceae family (Moreira et al. 2015) . This plant species is economically and culturally important since it is the sole source of the pigment bixin, a dicarboxylic monomethyl ester apocarotenoid that confers red color to seeds and it is widely used as a traditional dye and as an additive in several industries (Giuliano et al. 2003) . In the food industry, annatto dye is used for colouring an assortment of foods, including pastas, cheeses, sausages, snacks and ice creams. Due to its color spectra obtained from intense red and low toxicity, annatto is the second most consumed among natural dyes, after caramel, and is comparatively inexpensive (Mercadante and Pfander 1998) . Another important market for annatto dye is the condiment industry for the manufacture of colorants, spices and other products used in gastronomy (Mercadante et al. 1997) . Annatto is also used for body care products (e.g. creams, lotions and shampoos) in the cosmetics industry and for dyeing leather (Giuliano et al. 2003) . In addition to bixin, other secondary metabolites produced by annatto include several phenolic Electronic supplementary material The online version of this article (https://doi.org/10.1007/s12298-018-0528-1) contains supplementary material, which is available to authorized users. & Marcio G. C. Costa marciogc.costa@gmail.com; proteoma@uesc.br compounds, in particular flavonoids, which together with bixin confer antioxidant potential to annatto seeds (Moreira et al. 2014) . Due to the importance of bixin, several studies have investigated the expression of genes that are potentially involved in the biosynthesis of carotenoids and bixin, using RT-PCR and qPCR techniques (Soares et al. 2011; Rodríguez-Á vila et al. 2011a, b; Cárdenas-Conejo et al. 2015) . The qPCR reaction is sensitive, accurate and yields rapid results, representing a favorite technique for analyzing gene expression in different organisms, tissues and experimental conditions (Derveaux et al. 2010 ) and for elucidating complex gene networks that control the metabolic pathways (Kanakachari et al. 2016) . However, the accuracy of the results generated by qPCR depends on the precise normalization of the transcripts using stably expressed reference genes, which in turn allows the elimination of possible non-biological variations and experimental errors (Dheda et al. 2004) . The use of nonstable reference genes may compromise the analysis of the target genes normalized by them (Gutierrez et al. 2008) .
Reference genes, also known as endogenous or normalizer genes, are believed to be those with constant expression in all tissues of the organism, at any stage of development, or undergoing any type of treatment. However, this universalization does not seem to exist completely in practice, which generates the need to verify the stability among different tissues and treatments under evaluation in the qPCR (Andersen et al. 2004) .
In light of the considerations above, it is necessary to validate reference genes in order to increase the reliability of the expression data of target genes. The reference genes commonly used in plants are those coding for actin, ubiquitin, tubulin, elongation factors, 18S ribosomal RNA (18SrRNA), 60S ribosomal proteins (RPLs) and 40S ribosomal proteins (RPSs) (Gutierrez et al. 2008; Borowski et al. 2014) . In B. orellana, gene coding for 18SrRNA has been the only reference gene used for normalizing gene expression data (Soares et al. 2011; Rodríguez-Á vila et al. 2011a, b; Cárdenas-Conejo et al. 2015) . However, no studies published to date have examined the stability of this reference gene, as well as other candidates for reference genes in this plant species. The selection of reference genes will benefit future studies of gene expression in B. orellana.
Various statistical algorithms are able to evaluate the stability of expression of reference genes in a group of samples. Some of the most commonly used algorithms include NormFinder (Andersen et al. 2004) , geNorm (Vandesompele et al. 2002) , BestKeeper (Pfaffl et al. 2004) , DCt method (Silver et al. 2006) and RefFinder (Xie et al. 2012) . They select the most appropriate gene or gene combination based on the calculation of expression stability for normalization. The objective of this study was to analyze the expression stability of four candidate reference genes in B. orellana, by calculating their stability and validating their reliability to normalize the expression profiles of a target gene coding for carotenoid cleavage dioxygenase 1 (CCD1), potentially involved in the biosynthesis of bixin. The results provide information for the proper choice of reference genes in B. orellana.
Materials and methods

Plant material
Flower buds, flowers, mature leaves and immature seeds at different stages of development of two biological replicates of annatto plants (Bixa orellana L., var. Embrapa 37) were harvested in the Sempre Viva Farm, located at BR-367, in the municipality of Porto Seguro (Bahia, Brazil). Immature seeds at four different developmental stages were collected based on the fruit capsule diameter (mm)/length (mm), as follows: S1 (1st stage of seed development; 7.3/9.1), S2 (2nd stage of seed development; 10.6/13.6), S3 (3rd stage of seed development; 14.1/22.2) and S4 (4th stage of seed development; 19.1/31.9). All samples were collected and immediately submerged in liquid nitrogen (N2) and maintained at -80°C for subsequent analysis.
RNA isolation and cDNA synthesis
Total RNA was isolated using the RNAqueous Ò kit (Ambion Inc., Austin, TX, USA), together with the Plant RNA Isolation Aid reagent (Ambion). Samples were subjected to ultrasonication (2 pulses of 5 s each, amplitude of 70%, with intervals of 10 s) in an ultrasonic processor (Ultrasonic processor Gex 130, Cole-Parmer, Vernon Hill, IL, USA), during the process of RNA isolation. DNA residues were eliminated using the Turbo DNA-free TM kit (Ambion). All of these procedures followed the manufacturer's instructions. The integrity of RNA was analyzed on a GelRed TM -stained 1% agarose gel. RNA concentration was quantified using the Qubit Ò RNA BR assay kit by Qubit Ò fluorometer (Life Technologies, Grand Island, NY, USA). The RNA purity was confirmed by the ratio of the readings at 260 and 280 nm in the NanoDrop 2000 Spectrophotometer (Thermo Fisher Scientific, Wilmington, DE, USA). The concentration and quality of total RNA used for cDNA synthesis are shown in Table S1 . First-strand cDNA was synthesized using the First Strand cDNA Synthesis kit (Fermentas, Waltham, MA, USA), according to the manufacturer's instructions. The cDNA concentration was quantified in the NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific), diluted to a concentration of 10 ng lL -1 and stored at -20°C until further use.
Selection of candidate reference genes and primer design
Candidate reference genes coding for 40S ribosomal protein S9 (RPS9), histone H4 (H4), 60S ribosomal protein L38 (RPL38) and 18S ribosomal RNA (18SrRNA) were selected from an EST database of B. orellana (Soares et al. 2011 ). The candidates for reference genes in B. orellana were selected based on their reported stabilities in other expression studies in different plant species (Kundu et al. 2013; Figueiredo et al. 2013; Wei et al. 2013; Kanakachari et al. 2016; Shivhare and Lata 2016) . 18SrRNA, RPS9 and RPL38 are involved in the formation of the ribosome structure, which in turn plays an essential role in the synthesis of proteins. In eukaryotes, the ribosomes consist of a structure formed by ribosomal RNA (rRNA) and proteins arranged in two subunits, the large (60S) one and the small (40S) one. The 40S subunit is composed of the 18S rRNA and 33 ribosomal proteins, among them RPS9. This subunit has a region over which the tRNA pairs with complementary three-base codon in the mRNA. The 60S subunit is composed of 5S, 28S and 5.8S rRNAs and 49 ribosomal proteins, among them RPL38. This subunit is responsible for catalyzing the peptide bonds between the amino acids. On the other hand, H4-type histone is able to bind to DNA to form the nucleosome, a basic unit of DNA packaging in eukaryotes. This structure is composed of eight histone proteins, two of each H2A, H2B, H3 and H4, forming a core of histones around which DNA is wrapped, besides the histone H1 that links the histone cores helping to compact the nucleosomes.
Their cDNA sequences and the respective primer annealing regions are shown in Table S2 . The target gene used in the validation of the candidate reference genes was a dioxygenase cleavage of carotenoid type 1 (BoCCD1) of B. orellana, selected from the NCBI database (accession # EF493214.1). Primers were designed using the Primer3 website (version 0.4.0; available from http://bioinfo.ut.ee/ primer3-0.4.0/) and their sequences and amplicon characteristics are shown in Table 1 .
Quantitative real-time PCR (qPCR) and statistical analysis
All the qPCR reactions were run on a Stratagene Mx 3005P apparatus (Agilent Technologies, Santa Clara, CA, USA) using the 5 9 HOT FIREPol Ò EvaGreen Ò qPCR Supermix kit (Solis BioDyne, Tartu, Estonia), according to the manufacturer's instructions. The qPCR reactions were carried out in triplicate for two biological replicates, in a reaction volume of 20 lL [4 lL syber green, 1 lL (5 mM) each primer, 5 lL sterile Milli-Q water and 10 lL (10 ng) cDNA sample]. The amplification conditions were performed using the following steps: activation of Taq DNA Polymerase at 95°C for 12 min, followed by 40 cycles of denaturation at 95°C for 15 s, annealing at 60°C for 30 s and extension at 72°C for 30 s. The non-template control (NTC) reactions were included in the analysis in triplicate. In total, 180 cDNA samples were used in the qPCR analysis.
For the purpose of validation of the reference genes, the comparative cycle threshold (Ct; 2 -DDCt ) method was applied to calculate the fold-change of the BoCCD1 target gene in technical triplicates and two biological replicates. Statistical analysis of gene expression was carried out using the BioEstat 5.3 software (Universidade Federal do Pará, Brazil) and the statistical differences were assessed based on the analysis of variance (ANOVA) and means separation by the Student's t test, with a critical value of P B 0.05. The amplification efficiency (E) of each primer was calculated using the Miner 2.2 software (Zhao and Fernald 2005) .
Expression stability analyses for the reference genes
Expression stability of the candidate reference genes was analyzed using NormFinder, geNorm, BestKeeper, DCt method and RefFinder. NormFinder evaluates a set of candidate genes for normalization in qPCR from raw expression data. This program analyzes the stability of expression globally, as well as intragroup. The gene or combination of genes with the lowest stability value is the most suitable for normalization (Andersen et al. 2004) . The geNorm calculates an expression stability measure (M) for each candidate gene in a given set of samples, and selects these genes by progressively eliminating less stable genes from the analysis; the reference gene with the least variation is the most stable. In addition, the software indicates the minimum number of genes required for normalization of the data, evaluating the pairwise variation (Vn/n ? 1) between normalization factors (NFn and NFn ? 1, n C 2). The value Vn/n ? 1 below 0.15 suggests that an additional reference gene is not required for normalization (Vandesompele et al. 2002) . BestKeeper ranks the stability of the candidates on the basis of the Ct standard deviation (SD) of all samples for a given reference gene, as well as their coefficient of variation (CV). The smaller these values, the more stable expression of candidate reference gene (Pfaffl et al. 2004 ). The DCt method was employed by comparing relative expression of pairs of genes within each sample. The Ct variation of these genes implies their stability (Silver et al. 2006) . RefFinder (https://omictools.com/ reffinder-tool) is a comprehensive reference gene classification tool based on different software programs, including NormFinder, GeNorm, BesKeeper and DCt method (Xie et al. 2012) .
Results
Candidate reference genes selection
Expression analysis of candidate reference genes
Raw expression levels of the candidate reference genes across the different tissues (flower buds, flowers, leaves and seeds at different developmental stages) were determined by Ct analysis (Table S3 and Fig. S1 ). Equal amounts of cDNA samples from seeds at the S2 and S3 developmental stages were pooled together, and designated as S2 ? S3 seeds, in order to simplify the analysis. Genespecific amplification of each of the four candidate reference genes in the different samples was confirmed by the appearance of a single, dominant peak in the qPCR dissociation curve analyses, confirming the specificity of the primers used in the qPCR reactions (Fig. S2) . The mean values of Ct showed variations for each gene among the different samples: Ct varied from 13.21 to 15.57 for 18SrRNA, from 24.03 to 30.25 for RPS9, from 24.29 to 30.41 for RPL38, and from 21.58 to 27.12 for H4 (Fig. 1) . 18SrRNA showed more transcript abundance and, hence, the lowest Ct values (average of 14.02) in all samples, followed by H4 (average of 24.56). RPS9 and RPL38 showed a relatively less abundance of transcripts, with average Ct of 27.21 and 26.97 respectively. The global Ct variation ranged from 13.21 (for 18SrRNA) to 30.41 (for RPL38). The Ct values with SD for all genes in all tissues and developmental stages are shown in Table S4 .
Expression stability of candidate reference genes
Expression stability of the four candidates for reference genes in B. orellana was analyzed using five statistical tools, geNorm, NormFinder, BestKeeper, DCt method and RefFinder. For each method and gene, a ranking of stability values was calculated for both individual and all samples together. In the geNorm analysis, the M-value was used to represent the average stability of the expression. A lower M-value indicates more stable expression. The M-values for all the candidate reference genes analyzed in the different samples were below the geNorm default threshold of 1.5 (Fig. 2) , indicating that the four chosen candidate reference genes have expression stability. When evaluating all the samples together, the combination of H4 and RPL38 showed the higher stability value and 18SrRNA, the lower one (Fig. 2a) . In flower buds, the most stable combination was RPL38 and 18SrRNA and the least stable gene was RPS9 (Fig. 2b) . RPL38 and RPS9 were the most stable combination in flowers and S2 ? S3 seeds, while 18SrRNA was the least stable gene (Figs. 2c, e) . The best stability values in S1 seeds and leaves were obtained for the combination of RPS9 and 18SrRNA (Figs. 2d, g ), while in S4 seeds, the best values were obtained for the combination of RPL38 and 18SrRNA (Fig. 2f) . H4 was the least stable gene in these tissues (Figs. 2d, f, g ). The geNorm analysis of pairwise variation (Vn/n ? 1) to establish the optimum number of normalizer genes indicated that two reference genes were sufficient for normalization among the analyzed samples, with no effect on the normalization factor by adding additional reference genes (V2/3 = 0.000, V3/4 = 0.000).
Based on the values of SD and CV calculated by BestKeeper, the candidate reference genes were ranked in the different samples (Table 2 ). In the analysis of all tissues, 18SrRNA was the most stable, followed by RPL38, and H4 was the least stable among the four candidate reference genes. In the analysis of individual tissues, RPS9 showed the best stability values in five out of the six tissues analyzed (leaves, flower buds, flower, S1 and S4 seeds). 18SrRNA was the most stable gene in S2 ? S3 seeds and H4 remained as the least stable gene in each individual tissue.
NormFinder ranks the reference genes on the basis of their stability value (SV), where lower values indicate more d S1 seeds. e S2 ? S3 seeds. f S4 seeds. g Leaves. Mean expression stability (M) was calculated following stepwise exclusion of the least stable gene across all the treatment groups stable gene expression. RPL38 showed the lowest SV in all tissues and also in individual tissues such as flower buds, leaves and S1 and S4 seeds (Table 3) . 18SrRNA also showed a lower SV in S4 seeds. RPS9 exhibited the lowest SV in flowers and S2 ? S3 seeds. The least stable genes were H4 in all tissues and S1 and S4 seeds, 18SrRNA in flower and leaves, RPL38 in S2 ? S3 seeds and RPS9 in flower buds (Table 3) . NormFinder also provides the better combination of two genes for normalization of the samples (Table 3) . However, only for leaves (RPS9 and RPL38), S1 seeds (H4 and RPS9) and S2 ? S3 seeds (RPS9 and RPL38), stability values of the combination were lower than those of the first ranked individual gene.
The DCt method showed the RPL38 was the more stable for all samples, except for S2 ?S3 and S4 seeds, in which RPS9 and 18SrRNA were the most stable, respectively (Table 4) . On the other hand, H4 was the least stable for flower buds, S1 and S4 seeds, whereas 18SrRNA was the least stable for all tissues, leaves, flowers and S2 ? S3 seeds (Table 4) .
Finally, we compared and ranked the four candidates based on the comprehensive analysis tool RefFinder, which integrates the outputs of NormFinder, GeNorm, BestKeeper and DCt method. According to these results, RefFinder ranked RPL38 as the most stable and 18SrRNA as the least stable gene among all the samples (Table 5) .
Validation of the selected reference genes
In order to validate the reliability of the candidate reference genes, the most stable RPL38 and the least stable 18SrRNA were used to normalize the expression profiles of the target gene BoCCD1 in the different tissues. When using RPL38 as reference gene, the BoCCD1 gene expression was significantly downregulated in flower buds and flowers, upregulated in S4 seeds, and relatively constant in S1 and S2 ? S3 seeds in comparison with the expression levels in leaves, which was used as a calibrator (Fig. 3) . On the other hand, when 18SrRNA was used as a reference gene, significant differences in the expression levels of BoCCD1 were detected only for S2 ? S3 and S4 seeds, which exhibited values much higher than those found when RPL38 was used as a normalizer (Fig. 3) . Taken together, the results revealed significant differences in the BoCCD1 expression profiles depending on the reference genes, whether stable or unstable, used for normalization of the qPCR data.
Discussion
The selection of stable reference genes may vary across different species, genotypes, experimental conditions, tissues and stages of development. In this work, the reference genes or their combinations that were considered stable by the different algorithms (geNorm, NormFinder, BestKeeper, DCt method and RefFinder) varied according to the tissue and developmental stage of seeds. Variations in the ranking of stability of the candidate reference genes in the different samples were also observed among the different tools. These variations are expected to occur due to the differences in statistical algorithms used for each program. Therefore, it is advisable to evaluate the stability of each candidate reference gene or their combinations based on the global results of the three programs in order to overcome their individual limitations and to provide a more reliable evaluation of the data (Kanakachari et al. 2016) . The Ct variation of the candidate reference genes in the different tissues analyzed in the present study was of 2-6 cycles ( Fig. 1), with 18SrRNA showing the lowest values. In principle, this result could demonstrate its higher stability in comparison with the other candidate reference genes tested. However, 18SrRNA was barely ranked as the most stable gene by the different algorithms used in the analysis of stability. It was only ranked as the most stable gene in all tissues and S2 ? S3 seeds, by the BestKeeper, and in S4 seeds, by the NormFinder and DCt method, or when combined with other reference genes in samples of flower buds, leaves, S1 and S4 seeds, by the geNorm. On the other hand, it was considered the least stable gene in flower and leaf samples, by the NormFinder, in all tissues, flowers and S2 ? S3 seeds, by the geNorm, and also in flower, flower bud, leaves and S2 ? S3 seeds, by the DCt method. 18SrRNA was also considered the least stable gene in different tissues of Bupleurum chinense (Dong et al. 2011) , in lettuce under abiotic stresses (Borowski et al. 2014) , in strawberry under osmotic stress (Galli et al. 2015) and in eggplant at different stages of fruit development (Kanakachari et al. 2016) , but it was the most stable gene in different organs and developmental stages of eggplant (Gantasala et al. 2013) and Descurainia sophia (Xu et al. 2016) . Since 18SrRNA has been the only reference gene used in B. orellana (Soares et al. 2011; Rodrí-guez-Á vila et al. 2011a, b; Cárdenas-Conejo et al. 2015) , caution must be taken when considering to use it in future studies of gene expression in this plant species, since it was ranked as the least stable gene in our study. Besides, 18SrRNA was the candidate reference gene that showed the lowest Ct values (Fig. 1) , indicating that its transcripts are more abundant in the different tissues than those of the other candidate reference genes analyzed. Such an abundance of 18SrRNA transcripts has been also widely reported in other studies, with Ct varying between the 12th and 15th cycles (Wei et al. 2013; Galli et al. 2015; Xu et al. 2016; Kanakachari et al. 2016) , and it may constitute an additional problem for the normalization of rare transcripts such as those of genes related to the secondary metabolism. H4 was considered in most analyses as the least stable among all the candidate reference genes tested in the present study. It ranked last in BestKeeper's stability ranking for all the samples. According to geNorm, it was also ranked last in samples of leaves and S1 and S4 seeds, and only in samples of all tissues showed better stability when combined with RPL38. In the NormFinder, it appeared as the most unstable gene in samples of all tissues and S1 and S4 seeds, and it was not ranked first in any of the individual analyses. In the DCt method, it was ranked as the least stable in all tissues, flower bud, S1 and S4 seeds. Besides, H4 did not appeared in the first position in the ranking in any of the samples. However, H4 was considered as the most stable gene in a study in strawberry under osmotic stress (Galli et al. 2015) .
Genes coding for 60S and 40S ribosomal proteins have been widely used in the analyses of candidate reference genes in plants. RPS9 was the most stable gene by BestKeeper in samples of flower buds, flowers, leaves and S1 and S4 seeds, and ranked as the second most stable gene in S2 ? S3 seed samples and the third one in samples of all tissues. According to NormFinder, RPS9 was the most stable gene in samples of flowers and S2 ? S3 seeds, and as one of the genes in the best combination for all the samples, except flowers. In the geNorm, RPS9 formed the most stable gene pairs in flowers, leaves, S1 and S2 ? S3 seeds, and it was the most unstable in flower buds. Similarly, RPL38 also formed the best combination pairs in most samples by the geNorm, including with RPS9 in flower and S2 ? S3 seed samples. In the DCt method, RPS9 was the most stable only in the S2 ? S3 seeds. By the BestKeeper, RPL38 ranked second in flowers and all tissues, and third in the other samples analyzed. According to NormFinder, it was the most stable gene in most samples (all tissues, leaves, flower buds, S1 and S4 seeds), and together with RPS9, it formed the most stable combination for all tissues, leaves and S2 ? S3 seeds. By the DCt method, RPL38 was the most stable in flower buds, flowers, leaves, S1 and S4 seeds. Considering all the data, RPL38 was ranked as the most stable candidate reference gene using the RefFinder. In other studies, the ranking of stability of genes coding for ribosomal proteins was variable, ranging from most stable (Dong et al. 2011; Figueiredo et al. 2013; Borowski et al. 2014 ) to most unstable (Shivhare and Lata 2016) in different plant tissue samples.
BoCCD1 was selected as a target gene to validate the reliability of the candidate reference genes analyzed, since its sequence and mRNA expression were previously characterized in B. orellana (Rodríguez-Á vila et al. 2011a ). BoCCD1 was shown to be a homolog of CCD1s from Arabidopsis thaliana, Coffea canephora and Vitis vinifera, and to have the highly conserved RPE65 domain responsible for the catalytic activity of CCDs. Previous RT-PCR analysis showed that BoCCD1 expression was lower in flowers, immature fruits and mature seeds, but it was higher in leaves, flower buds and immature seeds (Rodrí-guez-Á vila et al. 2011a) . A remarkable increase in the mRNA expression of BoCCD1 was observed in the last developmental stage of immature seeds, which was coordinated with the accumulation of carotenoids, mainly bixin, in seeds (Rodríguez-Á vila et al. 2011a ). Therefore, BoCCD1 was considered a good target gene for validation of the candidate reference genes in this study. Interestingly, our results showed significant differences in the BoCCD1 expression profiles depending on the reference genes used for normalization, whether stable or unstable. The main divergences were observed in samples of flower buds and flowers, in which the BoCCD1 expression was downregulated using RPL38, but relatively constant using 18srRNA as reference genes, in comparison with the expression levels in leaves (Fig. 3) . Besides, despite the fact that the two normalizers detected a significant upregulation of BoCCD1 in S4 seeds, its levels of relative expression varied considerably using the unstable 18SrRNA. These results clearly indicate that the incorrect use of reference genes without previous validation may introduce significant bias in the analysis and lead to misinterpretation of data. Similar results were also reported in other plant species using stable or unstable normalizers (Guénin et al. 2009; Dong et al. 2011; Figueiredo et al. 2013; Borowski et al. 2014; Galli et al. 2015 , Kanakachari et al. 2016 Shivhare and Lata 2016) .
Conclusion
In conclusion, the results obtained in the present study indicate RPL38 as the most stable reference gene in the different tissues and developmental stages of seeds in B. orellana. 18SrRNA was the least stable. These results support the selection of suitable reference genes for future gene expression studies in this important plant species.
